araomOn T Extracting the Nuclear Caloric Curve from AMD Simulations

Y U.S. DEPARTMENT OF Office Of
ENERGY Science Maxwell Sorensen’2 A.B. Mclntosh', K. Hagel', Z.Kohley'?, and S.J. Yennello'2

[1] Cyclotron Institute, Texas A&M University, College Station, Texas 77843, USA GENTER FOR EXGELLENGE

—” [2] Chemistry Department, Texas A&M University, College Station, Texas 77843, USA
THE
Welch CEN=moUR

FOUNDATION

Advanc

IN NUCLEAR TRAINING AND UNIVERSITY-BASED RCH

Motivation

Filter Effects

o = & TS
* The equation of state describes how temperature, H '9 8
density, composition and energy interact with each N : F +  The two kinetic methods for determining Example Fit for Boltzmann Temperature Staps Acoepted Fitered QP Vis Unéliored GF Mass
2 determination * The same events gMor T T T T T T
other. 7 & the temperature are slope temperatures, were both analyzed s
* Previous work using 7°Zn + 7°Zn at 35MeV/u reaction L B and momentum quadrupole fluctuation ) Y =120
- . b with the NIMROD & [
data[1], taken with NIMROD (Neutron lon C T U RN B A (MQF). ) . A 3 F
1 i i i ! i ctha ; : Q filter and without. g 1001~
Multidetector for Reaction Oriented Dynamics) Figure 1: This plot shows the observed caloric curve counts b E With no filt lied £
combined with the Indiana Silicon Sphere[2], showed measured by the proton momentum quadrupole Q=D P 2 [ s ] 1th no Tifter applie 80—
- . o X x Y L | the free neutrons E
a relationship between the asymmetry of the fluctuation (MQF) method as a function of excitation E El sof-
. [ 1 were then cut out E
nucleus and the temperature. This effect was shown  energy per nucleon [3,4]. L N ] ith the Z=1 velodit E
in multiple temperature probes as seen in Figure ot i ' E 22 E El wi =+ velocity S
Oxy Am-T f i gate.
2[3,4]. oaf E S e 20f-
*  Antisymmetrized Molecular Dynamics (AMD) model §ZZ: ‘: . 3 Kinetic Energy (MeV) F | |
was used with GEMINI++ to generate events for the b o, E * The transverse momentum 20 40 100 120 140
" = 4. . d le is related h * The slope method calculates the UnFitered QP Mass (A)
same system[5,6,7]. These simulated events were R - e, 4 quadrupole is related to the « Above: C i f th f the QP with the NIMROD
) . b At 2. 3 t ture by the above temperature from the slope of ove: Comparison of the mass of the QP with the
then filtered by a software replica of NIMROD. 14 vh t emperature by X . . X
“6F * 49 relationship [10] the Maxwell-Boltzmann filter and the shape condition and without the NIMROD filter.
60 068 606 08 0T 0E ok 016 ’ distribution of the kinetic energy. [ et e o et
Figure 2: Multiple particles used as temperature 5" P :
probes with the MQF method showed clear 5" 5 Yy Ns=Zs
asymmetry dependence on the caloric curve[3]. Proton MQF Temperature as a Function of E*/A Temperature of Alpha MQF as a Function of E*/A i N t‘"w"" : i ':i a0t As 1
NIMROD Array g o g T : : S
E . i H - 3 ! i .
Figure(right): T * 4nSilicon Coverage §ob i g : 7 ] 3 *
NIMROD . * Neutron ball gives 4n free neutron multiplicity s DR s L et b e e
diagram take i £ . 3 £ i ] Enonoly ) ) Enow
28 - detectfon . 8 P 4 1 H 3 * When events that were accepted by the filtered routine where analyzed
from reference i « Isotopic resolution up Z=17 E . | E : 3 ith he filter th d dence of the calori
1 + Elemental resolution up to projectiles used . . E| £ N E without the filter the asymmetry dependence of the caloric curve grew more
. p to proj E ; : E| j 3 pronounced (Right). In addition there is a systematic shift in the temperature
& P El 3 (Left).
o ? i E| E
E E| k| - =
— g S B S o Future Direction
Excitation Energy e FAen , . :
1 2 3 4 . In the ab eft fi h MQF df diff * Analyze different mass regions that have better agreement between filtered
‘-} ¢ KV cP n the above left figure t N proton Q tempera_ture extracte ro_m ifferent and unfiltered. A mass region from 54 to 64 has already been analyzed with the
‘“_) DR ‘ 5 systems. In the above right figure the alpha particles were used with the MQF . tal data set
Ejp = 3K, i+ M, (Kp)—Q method to extract temperatures. The asymmetry effect appears more prominent! experimenta’ data set.
(-’ "o ‘ ¢ QP ZhLi n\fn for th P . i Y pp P 4 Extract densities
Target .& Quasi-Target & gt Hai { or the protons. * Run more AMD to boost statistics
Projectile Non-Central Quasi-Projectile D o Neutron kinetic energies were calculated * Isolate Contamination: start tagging QP, QT (Quasi Target), and QF (Quasi
Collision ) E—g)iCILatlon via from proton kinetic energies with a Fusion) particles to isolate contamination. Adjustment of Velocity Gates to
E:u;:i!ed' particle decay coulomb correction in both the experiment Proton MQF Temperature Proton Slope Temperature lower contamination can then be done.
D:ls!tydad\eﬂl&' and the analysis done with AMD. T AR AR AR ARARE s T 7
) Ns—Zs k| 2 - Ns—Z, | R f
The Quasi Projectile (QP) is the highly unstable fragment A== E 5[ a2 A= f . ] e e ren Ces
ioctile i f ; ) - A<0.12 3 §F H 1
fo_rmed from the _pmJectlle immediately after interacting . N . E Eeb s 4 7. ZKohley, Ph.D Thesis, TAMU (2010)
with the target. Figure from reference[8]. Event Se'echon 4>0.15 ! [ i ] 2. S. Wuenschel et al.,Nucl. Instrum. Methods. A604, 578-583 (2009)
o E| o ] 3. A.B.MclIntosh et al., Eur. Phys. J. A 50, 35 (2014)
. Z—1: < Vi . 2 E t E| [ . h| 4. A.B.Mcintosh etal., Phys. Rev. Lett. B 719 (2013) 337-340
Velocity Gates used to =1: 035< L S165 _ 12 Pz T ' 3 =4 3 5. A.Ono and H. Horiuchi, Prog. Part. Nucl. Phys. 53, 501 (2004)
assign particles to the . vy Z2pri? o i E t 1 6. R.J.Charity, Phys. Rev. C 82, 014610 (2010)
QP(8]. Z=2: 040< e —03 <logQ <03 8 = AQP <52 E o, E o | 7. D.Mancusi, R. J. Charity, J. Cugnon, Phys. Rev. C 82, 044610 (2010)
7253 os5<_ Vi <145 2= logl = 0. SE 5 3 [ ] 8. A.B Mclntosh (personal communication).
R e E " n L L L L L " " L L n L 5 ‘; 9. Wada etal., PRC 69, 044610 (2004)
M. — Mmeas — Mbkg Events were selected on two conditions: EVA (MeV) EVA (MeV) 10. S. Wuenschel, Ph.D. Thesis, TAMU (2009)
n=—————————— S
Nt €lab 1. Mass of reconstructed QP was within 48 to * Temperatures extracted from protons using the MQF using protons for the A k ‘A, d m t
- <(QP+N7P(QT> <f- ) 52 nucleons. be (Lef) , and the slope caleulated temperat QR' ). A eak cKnowieagements
o 2. Log base 10 of the momentum quadrupole fro e f ) ’jn € slope ca Eu ate o fmperat ure ( ;]gqg' wea * I would like to extend my thanks to the Cyclotron Institute for its wonderful facilities ang
. . S X emperature depression was observed for neutron ric s. . - . .
The neutron ball was simulated in the code. The neutron was within -.3 and .3 in the frame of the P P staff, as well as the SJY group for providing excellent guidance on this project.
multiplicity that was detected was then adjusted in the QP. * lwould also like to thank the Texas A&M Chemistry Department for support.
same way as was done in the physical experiment[9]. * The work shown was made possible by the Robert A. Welch Foundation (A-1266), the
N DOE (DE-FG02-93ER40773], and the NNSA(DE-NA0003841) .




